Cloning and sequencing of two cDNAs from mRNA of maturing pea (Pisum sativum) seeds allowed the deduction of the complete amino acid sequence of a lipoxygenase polypeptide which is most similar to that of soya-bean lipoxygenase 2. The predicted Mr of this polypeptide is 97134, and its sequence permits comparisons between the lox2-type and the lox3-type lipoxygenase isoforms from pea and soya bean (Glycine max).
INTRODUCTION
Lipoxygenases are a class of enzymes which catalyse the hydroperoxidation of cis-cis-pentadiene moieties in polyunsaturated fatty acids [1] . In soya-bean (Glycine max) seeds three major lipoxygenase isoforms have been identified: lipoxygenases 1 (loxl), 2 (lox2) and 3 (lox3), which can be distinguished by their substrate-and regiospecificity and pH optima [2] . In pea (Pisum sativum) seeds, one minor (loxl-like) and two major (lox2 and 3-like) activities have been demonstrated. We have previously reported the sequence of a near-full-length cDNA from pea seeds, the deduced amino acid sequence of which is most similar to that of soya-bean lox3 [3] . Here we report the sequence of the second major pea seed lipoxygenase polypeptide, and make comparisons with other known lipoxygenase sequences.
MATERIALS AND METHODS
The preparation and size fractionation of polyadenylated RNA from developing pea (Pisum sativum cv. Birte) and hybrid selection, translation in vitro and examination of translation products by SDS/PAGE and fluorography were carried out as previously described [4] . cDNA cloning, sequencing and primer-extension methods were as described in [3] . All other reagents and enzymes were obtained as reported elsewhere [4] .
Secondary-structure predictions and alignments were made by using the University of Wisconsin Genetics Computer Group sequence analysis software package [5] .
RESULTS AND DISCUSSION Isolation of cDNA sequences A cDNA library from size-fractionated mRNA [3] was screened with a partial-length cDNA probe corresponding to a pea seed lipoxygenase [4] . Two cDNAs were identified that hybridized to the probe only under conditions of reduced stringency, one of which (pPE923) contained an insert of approx. 3 kb, the size expected of a full-length cDNA corresponding to the probe [4] . Hybrid-selection/translation experiments with pPE923 showed it to correspond to a polypeptide of apparent Mr approx. 90000 on 10 % -(w/v)-polyacrylamide/SDS gels ( Fig. 1 ). This suggests that pPE1036 [3] and pPE923 correspond to the two major polypeptides immunoprecipitated from total Birte pea seed protein [4] . The insert of pPE923 was completely sequenced in both directions and found to encode an open reading frame of 846 amino acids with 91 % similarity (BESTFIT alignment [5] ) to the deduced amino acid sequence of soyabean lox2 [6] (Table 1) . Primer-extension analysis using an oligonucleotide chosen for lack of similarity with pPE1036 showed that pPE923 is approx. 73-79 bp short of full length (Fig. 2 ).
Another cDNA library was screened with the insert of pPE923, and a longer clone, pPE320, was selected. Approx. 1 Fig. 3 , together with the predicted amino acid sequence.
Sequence comparisons with other lipoxygenases
Deduced amino acid sequences of all the major soyabean and pea seed lipoxygenase isoforms have now been reported [3, 6, 7, 8] , as well as sequences from human [9, 10] and rabbit [11] . A these aligned sequences which might be important to the activity of these enzymes [9, 12] . These are also conservedin the sequence predicted by pPE923. We have observed differences among the predicted N-terminal sequences of the soya-bean and pea isoforms which may possibly relate to the differences between lox2-and lox3-like activities. The lox2-type isoforms of both pea and soya bean appear to have five additional amino acids which do not appear in the sequence of either the pea or soya-bean lox4-type isoform; soya-bean loxl lacks a large number of amino acids in this region (Fig. 4) . When the DNA sequence of pPE9023 is aligned with that of pPE1036 [3] , a 15 bp 'insert' corresponding to the five additional amino acids (bp 129-143) is seen, flanked by a 3 bp direct repeat [i.e. TGG(TGGTGGAAACGTCCA)TGG]. In the sequence of pPE1036 [3] , only the flanking sequence is seen (i.e. ...TGGTGG...) in the corresponding position. When the cDNA sequences for soya-bean lox2 and lox3 are aligned, however, it is apparent that they are related by the 'insertion' of 15 bp of DNA in a different position, without analogous direct repeats. Secondary-structure predictions for the N-termini of the lox2-and lox3-type isoforms of both pea and soya bean were examined by using the algorithms of Chou & Fasman [13] and Garnier et al. [14] , but no consistent structural features could be correlated with the differences in sequence. N T  I  V   130  140  1S0   160  170  160  190  200  210  220  230  240 TGAGTATTGGTGGTGGAAACGT CCATGGTGTCATCGACTCCGG CATCAATATCATTGGTT CAACT CTTGATGG CCTTACTG CCTT CTTAGGCCCGCAGTGT CTC CCTC CAGCTGATCAGTG A  250  260  270  280  290  300  310  320  330  340  350  360  CTACCAAGSTCTGATGCAAATSGGAAAAGGAAAAGTTGGAAAGGATACATTTCTTGAAGGTGTT CTTGCTT CATTAC CAACCTTGGGAG CTGGTGAAT CTGCATTCAATATT F N I H F E W  370  380  390  400  410  420  430  440  450  460  470  480  GGGAT CATGAJAATGGGAATT CCAGGTG CATTTTACAT CAAA&ACTATATGCAAGTTGAGTTTTTTCT CAAGAGTTTAACT Comparison of the predicted N-termini of the major pea and soya-bean seed Upoxygenase isoforms Gaps in the alignments of the predicted amino acid sequences reflect the gaps found upon alignment of pair-wise cDNA nucleotide sequences within the same species; asterisks (*) show the positions of aligned identity. Pea2 is the sequence of the lox2-like pea seed lipoxygenase encoded by pPE923/320, whereas pea3 is that of the lox3-like isoform encoded by pPE1036 [3] ; loxl,
